A critical role of Rho-kinase ROCK2 in the regulation of spine and synaptic function.
The actin cytoskeleton is critically involved in the regulation of the dendritic spine and synaptic properties, but the molecular mechanisms underlying actin dynamics in neurons are poorly defined. We took genetic approaches to create and analyze knockout mice specifically lacking ROCK2, a protein kinase that directly interacts with and is activated by the Rho GTPases, the central mediator of actin reorganization. We demonstrated that while these knockout mice were normal in gross brain anatomy, they were impaired in both basal synaptic transmission and hippocampal long-term potentiation (LTP). Consistent with the electrophysiological deficits, the ROCK2 knockout neurons showed deficits in spine properties, synapse density, the actin cytoskeleton, and the actin-binding protein cofilin. These results indicate that ROCK2/cofilin signaling is critical in the regulation of neuronal actin, spine morphology and synaptic function.